Introduction {#s1}
============

Chronic obstructive pulmonary disease (COPD) is a progressive respiratory disease confirmed by the presence of respiratory symptoms in combination with nonreversible airflow limitation \[[@C1]\]. Disease progression is not uniform for all patients and "rapid decliners" have been defined as those with an accelerated decrease in forced expiratory volume in 1 s (FEV~1~) \[[@C2]--[@C5]\]. However, it is now recognised that other components of COPD contribute to its worsening \[[@C2], [@C6]--[@C8]\]. Multicomponent prognostic scores can better evaluate the risk of deterioration or death compared with FEV~1~ alone as they combine multiple domains of COPD. The ADO (age, dyspnoea, airflow obstruction) score combines three easily accessible components and accurately predicts 3-year mortality \[[@C9], [@C10]\].

However, it is unclear whether or not the ADO score should only be measured at a single point in time \[[@C11]\]. The ADO score may change differently with certain patient characteristics. Deterioration or treatment response may also alter its rate of change and these changes may be predictive of survival. Therefore, it may be important to review and revise mortality predictions in order to better guide management. Information on the changes in prognostic scores for COPD is sparse and no studies have examined the serial measurement of prognostic scores in primary care.

We sought to determine if it is useful to measure the ADO score serially in primary care COPD patients. Our objectives were to examine 1) how serial ADO scores change over time, 2) whether this change was prognostically relevant and 3) which characteristics are related to the rate of change in ADO scores.

Methods {#s2}
=======

Study design {#s2a}
------------

This was a register-based retrospective open cohort study conducted according to the Reporting of Studies Conducted Using Observational Routinely-Collected Health Data (RECORD) statement \[[@C12]\].

Data source {#s2b}
-----------

The Health Improvement Network (THIN) is a longitudinal, clinical primary care database that contains anonymised and validated data on diagnoses, symptoms, hospital referrals, discharge summaries, lifestyle, mortality, prescribing, and clinical and laboratory tests captured by general practitioners using Vision medical software (Vision, London, UK). THIN covers ∼6% of the UK population \[[@C13]\].

Study population {#s2c}
----------------

Patients from THIN were included in the study population if they had a current recorded COPD diagnosis Read code assigned by the general practitioner, on (*i.e.* previously diagnosed patients) or after (*i.e.* newly diagnosed patients) April 1, 2005. In addition, patients were only included if they had been registered with the practice by April 1, 2004 (*i.e.* patients moving into the practice at later time-points were excluded), and were alive and contributing data for at least 1 day after April 1, 2005. This date was chosen because it represents 1 year after the introduction of the Quality and Outcomes Framework \[[@C14]\]. In order to accurately estimate the change in ADO score over time, patients were only included in the sample if a minimum of three ADO scores were available (either consecutive or nonconsecutive years). Patients \<40 years of age in the year of their COPD diagnosis were also excluded as they comprise a minority of the COPD population and are more likely to have a different disease trajectory due to primary asthma or a genetic predisposition such as α~1~-antitrypsin deficiency. Study entry was designated as the date of the baseline ADO score. Their end date was the earliest of the date of death, the date the patient left the practice, the last practice collection date or April 1, 2014.

Patient characteristics {#s2d}
-----------------------

We obtained sociodemographic data for each participant including sex and Townsend deprivation quintile based on their home postcode (0 to 5 (most deprived); last value recorded). The latest recorded status at any time before study entry was used to define body mass index (BMI) categories (underweight (\<18.5 kg·m^−2^), normal (18.5-- \<25 kg·m^−2^), overweight (25-- \<30 kg·m^−2^) and obese (≥30 kg·m^−2^)) and smoking status (never-smoker, ex-smoker and current smoker). Comorbidities such as ischaemic heart disease, asthma \[[@C15]\], diabetes, heart failure and vascular disease (including transient ischaemic attack, stroke or peripheral arterial disease) were noted as present if there was a relevant clinical code at any time before study entry. Similar to previous studies, a clinical code within the previous 3 years of study entry was used to determine the presence of anxiety and depression \[[@C16], [@C17]\]. Treatments for COPD were reported present if there was a relevant record of prescription 1 year prior to study entry. Data on the following treatments were available: referral to pulmonary rehabilitation, long-acting muscarinic antagonist (LAMA) prescription (tiotropium), short-acting muscarinic antagonist (SAMA) prescription (ipratropium), long-acting β~2~-agonist (LABA) prescription (consisting of salmeterol, formoterol or indacaterol), short-acting β~2~-agonist (SABA) prescription (salbutamol or terbutaline) and inhaled corticosteroid (ICS) (consisting of budesonide, fluticasone and beclomethasone)-containing prescription (ICS only, ICS+LAMA, ICS+LABA or ICS+LAMA+LABA).

Serial ADO scores {#s2e}
-----------------

The overall ADO score is composed of scores assigned to levels for each of its three components: age, dyspnoea (modified Medical Research Council (mMRC) scale) and airflow obstruction (FEV~1~ % pred). Points were assigned according to the updated ADO publication ([supplementary table S1](http://openres.ersjournals.com/lookup/doi/10.1183/23120541.00196-2019.figures-only#fig-data-supplementary-materials)). The study period (2005--2014) was broken up into intervals lasting from April 1 to March 31 in order to reflect years of data capture from routine primary care records. In routine practice, ADO score components are recorded sporadically. Therefore, we calculated the score once per interval, choosing the latest available values for each component in each interval. If either the FEV~1~ or mMRC component was not recorded in a certain interval, the score was missing for that interval. The date of each calculable ADO score was designated as the latest date of the mMRC or FEV~1~ components in each interval. The rules used to convert raw FEV~1~ measurements to FEV~1~ % pred are provided in the [supplementary material](http://openres.ersjournals.com/lookup/doi/10.1183/23120541.00196-2019.figures-only#fig-data-supplementary-materials). Baseline ADO score and number of calculable ADO scores per patient were added as covariates since both factors could be associated with the rate of change in ADO scores.

Statistical analysis {#s2f}
--------------------

Simple linear regression was used to assign rates of change in ADO scores over time to patients. We defined a stable ADO score as a change between −0.5 and +0.5 points per year. Patients with ADO score changes above and below this range were defined as worsening (*i.e.* increasing) and improving (*i.e.* decreasing) ADO score patients, respectively. We then compared baseline characteristics across these groups. Multivariable Cox regression models were used to calculate the hazard ratio for mortality after the date of the final ADO score. Here, we used each individual\'s change in ADO score over time as a continuous variable and adjusted for the following covariates: ADO score, age, dyspnoea, obstruction, number of ADO measurements, sex, BMI, smoking and selected comorbidities. These covariates were agreed upon by the research team, supported by clinical evidence from the literature. A secondary analysis examined the same association using the aforementioned ADO score change groups as the variable of interest. Finally, using all ADO scores for each participant as the outcome, we built linear mixed effect models to investigate the effect of baseline characteristics on the change in ADO scores over time. Each model was fitted with a random intercept and a random time slope for each patient to account for clustering due to repeated measurements, and contained the following independent variables: time, the characteristic of interest, and an interaction term of the characteristic of interest and time (characteristic×time), adjusted for covariates listed for the Cox model. Multiple imputation was not used to impute missing ADO scores because mixed effect models are unaffected by complete-case bias \[[@C18]\]. Stata version 14 (StataCorp, College Station, TX, USA) was used for all analyses.

Ethics {#s2g}
------

The NHS South East Multi-centre Research Ethics Committee (MREC) approved THIN data collection for research in 2003 subject to independent scientific review, which we obtained (approval 16THIN039) on May 23, 2016.

Results {#s3}
=======

Flow of THIN patients into final sample {#s3a}
---------------------------------------

We identified 67 066 COPD patients; 1542 were excluded because they were diagnosed prior to 40 years of age. Of the remaining 65 524, a further 60 720 did not have at least three calculable ADO scores, leaving 4804 patients with a median (interquartile range) follow-up of 4.38 (3.75--5.55) years. Over half of all those identified with COPD did not have data to derive an ADO score at any time, but around one-third of all calculable ADO measurements were included in the final analysis ([table 1](#TB1){ref-type="table"}). [Supplementary table S2](http://openres.ersjournals.com/lookup/doi/10.1183/23120541.00196-2019.figures-only#fig-data-supplementary-materials) shows comparisons between included (three or more ADO measurements) and excluded patients (less than three ADO measurements).

###### 

Frequency of calculable ADO (age, dyspnoea, airflow obstruction) score measurements in the overall population of The Health Improvement Network patients

  **Measurements per subject**    **Subjects**   **Total measurements**
  ------------------------------ -------------- ------------------------
  **0^\#^**                       34 706 (53)            0 (0)
  **1^\#^**                       17 396 (27)         17 396 (34)
  **2^\#^**                        8618 (13)          17 236 (34)
  **3**                             3393 (5)          10 179 (20)
  **4**                             1073 (2)            4292 (8)
  **5**                             263 (0)             1315 (3)
  **6**                              59 (0)             354 (1)
  **7**                              13 (0)              91 (0)
  **8**                              3 (0)               24 (0)
  **Total**                          65 524              50 877

Data are presented as n (%); right column calculated by multiplying number of measurements by number of subjects in the same row (middle column). ^\#^: subjects were excluded from analysis.

Description of the rate of change in ADO score {#s3b}
----------------------------------------------

The mean±[sd]{.smallcaps} baseline ADO score was 7.4±2.1 (range 0--14). The ADO score increased by an average of 0.187 (95% CI 0.174--0.200) points per year (average number of measurements per patient 3.4). The age component increased by 0.152 (95% CI 0.149--0.155) points, the dyspnoea score increased score by 0.055 (95% CI 0.050--0.060) points (average number of measurements per patient 5.2) and the obstruction score decreased by 0.009 (95% CI 0.001--0.016) points (average number of measurements per patient 4.3) per year (data not shown). The rate of change per patient was approximately normally distributed and 323 (6.7%) patients had an increase of at least 1 point per year ([figure 1](#F1){ref-type="fig"}).

![Histogram of distribution of change in ADO (age, dyspnoea, airflow obstruction) score per year in 4804 included patients.](00196-2019.01){#F1}

Differences between ADO score change categories {#s3c}
-----------------------------------------------

Using ±0.5 points to indicate worsening/improvement, 3766 (78%) of the included patients had a stable ADO score, whereas 850 (18%) had a worsening ADO score over time and 188 (4%) had an improving ADO score over time. Those with improving ADO scores had fewer ADO measurements (17% with four or more ADO measurements) than the worsening (27%) and stable (30%) groups ([table 2](#TB2){ref-type="table"}). Patients with a worsening ADO score had the lowest baseline ADO score (6.6±2.0 points) and least severe obstruction (FEV~1~ % pred 64.9±21.3%) and dyspnoea (mMRC score 1.23±0.97). From improving to worsening groups, there was a trend toward more current smokers and normal weight patients and fewer never-smokers and obese patients.

###### 

Baseline characteristics by categories of change in ADO (age, dyspnoea, airflow obstruction) score per year groups among the 4804 included patients with three or more ADO measurements

  ------------------------------------------------------------------------------------------
                                           **Improving**\    **Stable**\     **Worsening**\
                                           **ADO change**   **ADO change**   **ADO change**
  --------------------------------------- ---------------- ---------------- ----------------
  **Subjects**                                  188              3766             850

  **Age years**                               69.6±9.5         68.8±9.2         69.2±9.5

  **Dyspnoea (mMRC score)**                 1.44 (0.97)      1.94 (1.04)      1.23 (0.97)

   0                                          9 (4.8)         613 (16.3)       237 (27.9)

   1                                         71 (37.8)       1547 (41.1)       265 (31.2)

   2                                         40 (21.3)       1016 (27.0)       267 (31.4)

   3                                         58 (30.9)        533 (14.2)        75 (8.8)

   4                                          10 (5.3)         57 (1.5)         6 (0.7)

  **FEV~1~ % pred**                          47.6±15.0        58.6±19.1        64.9±21.3

  **First ADO score**                         8.9±1.9          7.6±2.0          6.6±2.0

   0--5                                       7 (3.7)         543 (14.4)       239 (28.1)

   6 or 7                                    33 (17.6)       1262 (33.5)       333 (39.2)

   8 or 9                                    77 (41.0)       1355 (36.0)       230 (27.1)

   10--14                                    71 (37.8)        606 (16.1)        48 (5.7)

  **Four or more ADO measurements**          32 (17.0)       1146 (30.4)       233 (27.4)

  **Female**                                 96 (51.1)       1676 (44.5)       379 (44.6)

  **White ethnicity**                        99 (100.0)      1848 (98.4)       426 (98.2)

  **Townsend deprivation quintile**                                         

   1 (least deprived)                        27 (14.6)        643 (17.4)       145 (17.3)

   2                                         37 (20.0)        692 (18.8)       151 (18.0)

   3                                         41 (22.2)        805 (21.8)       186 (22.2)

   4                                         43 (23.2)        820 (22.3)       195 (23.3)

   5 (most deprived)                         37 (20.0)        726 (19.7)       161 (19.2)

  **Smoking status**                                                        

   Current smoker                            49 (26.9)        994 (28.1)       258 (32.0)

   Ex-smoker                                 104 (57.1)      2066 (58.4)       468 (58.0)

   Never-smoker                              29 (15.9)        478 (13.5)       81 (10.0)

  **BMI kg·m**^**−2**^                        28.3±6.3         27.5±5.5         26.9±5.6

  **BMI category**                                                          

   Underweight                                7 (3.9)          90 (2.5)         27 (3.3)

   Normal                                    50 (27.9)       1130 (31.8)       300 (36.9)

   Overweight                                70 (39.1)       1324 (37.3)       281 (34.5)

   Obese                                     52 (29.1)       1005 (28.3)       206 (25.3)

  **LAMA prescription**                      66 (35.1)       1000 (26.6)       266 (31.3)

  **LABA prescription**                      53 (28.2)       1165 (30.9)       259 (30.5)

  **SAMA prescription**                      31 (16.5)        603 (16.0)       143 (16.8)

  **SABA prescription**                      118 (62.8)      2212 (58.7)       518 (60.9)

  **ICS-containing prescription**            52 (27.7)       1306 (34.7)       287 (33.8)

  **Pulmonary rehabilitation referral**       6 (3.2)         176 (4.7)         29 (3.4)

  **Heart failure**                           11 (5.9)        192 (5.1)         42 (4.9)

  **Ischaemic heart disease**                37 (19.7)        716 (19.0)       181 (21.3)

  **Anxiety**                                 7 (3.7)          86 (2.3)         16 (1.9)

  **Depression**                              12 (6.4)        238 (6.3)         55 (6.5)

  **Diabetes**                               28 (14.9)        469 (12.5)       96 (11.3)

  **TIA, stroke or PAD**                     25 (13.3)        443 (11.8)       121 (14.2)

  **Asthma**                                 68 (36.2)       1351 (35.9)       311 (36.6)
  ------------------------------------------------------------------------------------------

Data are presented as n, mean±[sd]{.smallcaps} or n (%). mMRC: modified Medical Research Council; FEV~1~: forced expiratory volume in 1 s; BMI: body mass index; LAMA: long-acting muscarinic antagonist; LABA: long-acting β~2~-agonist; SAMA: short-acting muscarinic antagonist; SABA: short-acting β~2~-agonist; ICS: inhaled corticosteroid; TIA: transient ischaemic attack; PAD: peripheral artery disease.

Prognostic role of the change in ADO scores over time {#s3d}
-----------------------------------------------------

There were 388 (8.1%) deaths in the follow-up period. There was strong evidence (p\<0.001) of a 2.00 (95% CI 1.59--2.52)-fold increase in the rate of mortality per 1 point increase in individual ADO score per year, after adjusting for selected covariates ([table 3](#TB3){ref-type="table"}). Similarly, the association with mortality was stronger in patients grouped in worsening (adjusted HR 2.08 (95% CI 1.61--2.69)) and improving (adjusted HR 0.49 (95% CI 0.27--0.91)) categories compared with those with stable scores (reference group) (data not shown).

###### 

Multivariable Cox regression model showing the adjusted hazard ratio for the change in ADO (age, dyspnoea, airflow obstruction) score (calculated within each individual) per year and mortality (n=4793)

                                                                        **HR (95% CI)**    **p-value**
  ------------------------------------------------------------------- ------------------- -------------
  **Change in ADO score over time (per 1 point increase per year)**    2.00 (1.59--2.52)     \<0.001
  **Baseline ADO Score (per 1 point increase)**                        1.28 (1.10--1.50)      0.002
  **Age at baseline (per 1 year increase)**                            1.03 (1.00--1.05)      0.074
  **mMRC at baseline (per 1 point increase)**                          1.18 (1.03--1.36)      0.017
  **FEV~1~ % pred (per 1 percentage point increase)**                  0.99 (0.98--1.01)      0.277
  **Number of ADO measurements (per measurement)**                     0.79 (0.65--0.95)      0.010
  **Female sex**                                                       0.88 (0.71--1.10)      0.262
  **BMI category^\#^**                                                                    
   Underweight                                                         1.71 (1.16--2.51)      0.006
   Normal                                                                  Reference      
   Overweight                                                          0.63 (0.49--0.80)     \<0.001
   Obese                                                               0.62 (0.47--0.83)     \<0.001
  **Smoking status^\#^**                                                                  
   Never-smoker                                                            Reference      
   Ex-smoker                                                           1.08 (0.79--1.48)      0.626
   Current smoker                                                      1.27 (0.87--1.83)      0.148
  **Presence of heart failure^\#^**                                    1.60 (1.19--2.14)      0.002
  **Presence of ischaemic heart disease^\#^**                          1.26 (1.00--1.58)      0.054
  **Presence of diabetes mellitus^\#^**                                0.98 (0.74--1.30)      0.873
  **Presence of TIA, stroke or PAD^\#^**                               1.24 (0.97--1.58)      0.092
  **Presence of asthma^\#^**                                           1.01 (0.82--1.26)      0.898

mMRC: modified Medical Research Council; FEV~1~: forced expiratory volume in 1 s; BMI: body mass index; TIA: transient ischaemic attack; PAD: peripheral arterial disease. The proportional hazards assumption for serial ADO scores was not violated (p=0.7214). The median (interquartile range) time between the first and final ADO score was 3.54 (2.71--4.45) years. ^\#^: most recent status prior to the last ADO score measurement.

Characteristics associated with the change in ADO score over time {#s3e}
-----------------------------------------------------------------

[Table 4](#TB4){ref-type="table"} shows multivariable mixed effect models of the characteristics associated with the change in ADO scores over time. After adjustment for baseline covariates, greater deprivation, recent depression, and prior LABA, LAMA and ICS-containing prescription were all associated with a statistically significant worsening (p\<0.05) of ADO scores over time. Compared with never-smokers, current smokers had a 0.059 (95% CI 0.031--0.087) points per year worsening of ADO scores. Finally, compared with those with a normal BMI, overweight (β= −0.035 (95% CI −0.0544-- −0.0150); p=0.001) and obese (β= −0.041 (95% CI −0.0625-- −0.0198); p\<0.001) patients showed improvement over time and underweight patients had a worsening ADO score of 0.041 (95% CI −0.018--0.100) points per year.

###### 

Multivariable linear mixed effect models of the interaction between baseline characteristics and time on change in ADO (age, dyspnoea, airflow obstruction) score per year: baseline adjustment (n=4363)

  **Characteristics interacting with time**                     **β (95% CI)**          **p-value**
  ------------------------------------------------------ ----------------------------- -------------
  **Baseline ADO score**                                  −0.0397 (−0.0437-- −0.0357)     \<0.001
  **Number of ADO measurements**                            0.0178 (0.0080--0.0276)       \<0.001
  **Age at baseline years**                                −0.0001 (−0.0010--0.0008)       0.885
  **mMRC score at baseline**                              −0.0446 (−0.0530-- −0.0362)     \<0.001
  **FEV~1~ % pred at baseline**                             0.0026 (0.0022--0.0031)       \<0.001
  **Townsend quintile**                                     0.0062 (0.0001--0.0123)        0.045
  **Female sex**                                           0.0001 (−0.0164--0.0168)        0.982
  **Heart failure (any time)**                             −0.0044 (−0.0413--0.0327)       0.817
  **Ischaemic heart disease (any time)**                   −0.0001 (−0.0211--0.0208)       0.989
  **Asthma (any time)**                                    −0.0035 (−0.0206--0.0136)       0.688
  **Anxiety (3 years prior)**                              −0.0191 (−0.0770--0.0389)       0.519
  **Depression (3 years prior)**                            0.0384 (0.0054--0.0713)        0.022
  **Diabetes (any time)**                                  −0.0084 (−0.0346--0.0178)       0.531
  **TIA, stroke or PAD (any time)**                        −0.0035 (−0.0288--0.0217)       0.783
  **LAMA prescription (1 year prior)**                      0.0236 (0.0045--0.0427)        0.016
  **LABA prescription (1 year prior)**                      0.0186 (0.0008--0.0365)        0.041
  **SAMA prescription (1 year prior)**                     0.0195 (−0.0019--0.0409)        0.075
  **SABA prescription (1 year prior)**                     0.0137 (−0.0031--0.0306)        0.111
  **ICS-containing prescription (1 year prior)**            0.0189 (0.0017--0.0361)        0.031
  **Pulmonary rehabilitation referral (1 year prior)**     0.0029 (−0.0372--0.0430)        0.886
  **BMI category (most recent status)**                                                
   Underweight                                             0.0411 (−0.0175--0.0996)        0.169
   Normal                                                          Reference           
   Overweight                                             −0.0347 (−0.0544-- −0.0150)      0.001
   Obese                                                  −0.0412 (−0.0625-- −0.0198)     \<0.001
  **Smoking status (most recent status)**                                              
   Never-smoker                                                    Reference           
   Ex-smoker                                                0.0282 (0.0025--0.0539)        0.032
   Current smoker                                           0.0588 (0.0311--0.0866)       \<0.001

mMRC: modified Medical Research Council; FEV~1~: forced expiratory volume in 1 s; TIA: transient ischaemic attack; PAD: peripheral artery disease; LAMA: long-acting muscarinic antagonist; LABA: long-acting β~2~-agonist; SAMA: short-acting muscarinic antagonist; SABA: short-acting β~2~-agonist; ICS: inhaled corticosteroid; BMI: body mass index.

Discussion {#s4}
==========

This retrospective longitudinal study showed that most COPD primary care patients had stable disease over a median follow-up of \>4 years. However, serial ADO scores had prognostic value beyond the initial measurement. Thus, serial assessment of the ADO score may be needed in order to update the predicted risk of death. We found that this may be particularly important for patients with lower BMI, depression and those who are current or ex-smokers.

In contrast to our study, a prospective study of COPD patients followed for a period of 3 years following hospital admission with an acute exacerbation found that the baseline BODE (BMI, obstruction, dyspnoea, exercise capacity) score, but not changes in the BODE score, predicted survival \[[@C19]\]. The authors concluded that a single measurement, rather than serial measurements, of the BODE score would be sufficient for prognostication \[[@C19]\]. However, two other studies showed that before and after lung volume reduction surgery, changes in the BODE score and the final BODE score (patients tended to improve with surgery) were independently associated with mortality in severe emphysema patients \[[@C20], [@C21]\]. Similarly, pulmonary rehabilitation improved the BODE score and its change added prognostic information for 246 COPD outpatients in the USA \[[@C22]\]. Combined, serial BODE measurements may be more helpful in assessing treatment response rather than disease worsening.

It is well known that low BMI is associated with increased risk of mortality in COPD patients \[[@C23]\]. We found that lower BMI was associated with worsening disease. Similarly, COPD secondary care patients in the BODE cohort were more likely to have worsening obstruction with low BMI than with normal BMI at baseline \[[@C2]\]. While BMI may be associated with disease worsening, obese patients may have trouble breathing due to their weight, resulting in overdiagnosis of COPD \[[@C24]\] and more stable ADO scores over time in our study. Second, the effect of smoking on longitudinal lung function deterioration has long been documented \[[@C4]\]. A secondary analysis of the Lung Health Study randomised controlled trial showed that there was a greater decline in lung function over 11 years if participants were continuous smokers (60 mL·year^−1^) compared with intermittent quitters (48 mL·year^−1^) and sustained quitters (27 mL·year^−1^) \[[@C25]\]. Although reducing smoking can improve decline in FEV~1~ \[[@C26], [@C27]\], nearly complete cessation may be necessary for demonstrable benefit \[[@C28]\]. Next, it may be difficult to diagnose depression in COPD patients because of overlapping symptoms \[[@C29]\]. Patients in our study with worsening COPD may be more likely to be depressed if respiratory symptoms are limiting their social lives \[[@C30]\]. Finally, we found that disease worsening was greater in those who had received respiratory pharmacotherapy. Similar to depression, these findings may be due to reverse causation, reflecting that those on a worsening disease trajectory had been started on pharmacotherapy.

The current study has several strengths and limitations. First, previous studies have used longitudinal lung function measurements alone to describe COPD progression. However, COPD is a heterogeneous disease and patients may worsen despite stable lung function \[[@C2]\]. A multicomponent prognostic score more accurately accounts for disease heterogeneity. It also allows changes in the score to be placed into the context of changes in individual risk of mortality. Next, unlike previous studies that examined serial measurements of prognostic scores, we included primary care patients, where COPD is mainly managed \[[@C31]\]. However, despite a large sample size, we excluded many patients due to the limited availability of data. These patients were different in a few characteristics compared with the whole population and may have had more stable disease, requiring fewer dyspnoea and obstruction measurements from their general practitioner. Although THIN is generalisable to the UK for demographics, disease prevalence and mortality rates \[[@C13]\], patients from urban areas may be over-represented because Vision software use is clustered in these areas \[[@C32]\]. Next, unmeasured confounding and unstandardised measurements were unavoidable. The latter may partly explain the improvement in average FEV~1~ % pred over time in our sample. Additionally, FEV~1~ % pred may be flawed when examining its change over time. FEV~1~ % pred would increase if a patient ages (and/or becomes shorter) despite relatively stable FEV~1~ (in litres). Longitudinal ADO score trends were assumed to be linear to ease interpretation, but this may not have been true for some patients. Finally, the ADO score provides an estimate of risk that can be used to support clinical discussions with patients and joint decision making. Serial measurement may refine risk estimates and identify those who have a worsening disease trajectory, but we do not yet have evidence whether stratified management, informed by risk scores, would modify patient outcomes.

Conclusions {#s4a}
-----------

Given the wide range of clinical courses in patients with COPD, it is important to understand whether and how prognostic scores change over time in order to identify patients with worsening disease. If this change has prognostic relevance or is related to patient characteristics, then serial assessment may be useful. One-time use of the ADO score could help define treatment options that could be weighed against the current risk of mortality \[[@C9]\]. However, serial assessment of the ADO score can identify patients with worsening disease and update their prognosis, especially for patients who smoke, are depressed or have lower BMI.
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